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b = 7.7006 (3) A 
c = 16.1717 (4) A 
P = 108.9709 (17)° 
V = 1832.17 (10) A 3 
Z = 4 



Mo Ka radiation 
p. = 0.16 mm -1 
T = 173 K 

0.16 x 0.14 x 0.10 mm 



O-Phenyl (cyclohexylamido)(p-tolyl- 
amido)phosphinate 

Fahimeh Sabbaghi, 3 * Mehrdad Pourayoubi, b Fatemeh 
Karimi Ahmadabad b and Masood Parvez c 



Data collection 

Nonius KappaCCD diffractometer 
Absorption correction: multi-scan 
(SORTAV; Blessing, 1997) 
7mi„ = 0.974, r m „ = 0.984 

Refinement 

R[F 2 > 2a(F 2 )] = 0.056 

wR(F 2 ) = 0.124 

S = 1.06 

4172 reflections 

223 parameters 



13695 measured reflections 
4172 independent reflections 
3069 reflections with I > 2a(l) 
Ka,, = 0.070 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.27 e A~ 3 

A/> mi „ = -0.38 e A -3 
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Key indicators: single-crystal X-ray study; T = 1 73 K; mean cr(C-C) = 0.004 A; 
R factor = 0.056; wR factor = 0.124; data-to-parameter ratio = 18.7. 

In the title molecule, C19H25N2O2P, the P atom is bonded in a 
distorted tetrahedral environment. The dihedral angle 
between the two phenyl rings is 89.09 (8)°. The methyl H 
atoms are disordered over two sets of sites with equal 
occupancy. The O atom of the P=0 group acts as a double 
hydrogen-bond acceptor of the type (N— H) 2 - • (0=)P— , 
forming i?2(8) rings which are further linked into chains along 
[010]. 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H- - A 


Nl-Hl/V---01 i 


0.81 (3) 


2.16 (3) 


2.961 (3) 


169 (3) 


N2— H2/V- ■ 01 a 


0.84 (3) 


2.20 (3) 


3.023 (3) 


167 (2) 


Symmetry codes: (i) — x 


H.y-i 


—Z + |; (ii) — X + |, y - 


1-1 -7 + 3 - 
r 2 , z -t- 2 - 





Data collection: COLLECT (Hooft, 1998); cell refinement: 
DENZO (Otwinowski & Minor, 1997); data reduction: SCALE- 
PACK (Otwinowski & Minor, 1997); program(s) used to solve 
structure: SIR92 (Altomare et al, 1993); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
Mercury (Macrae et al, 2008); software used to prepare material for 
publication: enCIFer (Allen et al, 2004). 



Related literature 

For background to mixed-amido phosphinates, see: Pour- 
ayoubi et al. (2007). For double hydrogen-bond acceptors, see: 
Steiner (2002). For hydrogen-bond motifs, see: Bernstein et al. 
(1995). 




Experimental 

Crystal data 

C 19 H 2 5N 2 0 2 P Monoclinic, Pljn 

M, = 344.38 a = 15.5575 (4) A 



Support of this investigation by Zanjan Branch, Islamic 
Azad University, is gratefully acknowledged. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LH5250). 
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Comment 

The structure determination of title compound was performed as a part of a project in our laboratory on the synthesis of new 
mixed-amido phosphinates having a P(0)(0)(N')(N") skeleton (Pourayoubi et al, 2007). 

The P=0, P — O and P — N bond lengths are standard for this type of compound (Pourayoubi et al. , 2007). The P atom has 
a distorted tetrahedral configuration (Fig. 1) with the bond angles in the range of 98.55 (10)° [02-P1-N1] to 119.80 (10)° 
[Ol-Pl-Nl]. 

The phosphoryl group respectively adopts a syn orientation with respect to the N-H unit of /?-tolylamido moiety and a 
gauche position relative to that of cyclohexylamido substituent. 

In the crystal structure, the molecules are linked by two intermolecular N — H--OP hydrogen bonds (Table 1) into chains 
in the direction of the b axis in which the O atom of the P=0 group acts as a double H-acceptor (Steiner, 2002) (Fig. 2). 

From this arrangement R2 (8) rings are formed (Bernstein et al, 1995). 
Experimental 

To a solution of (C6H50)(4-CH3C6H4NH)P(0)C1 in chloroform, a solution of cyclohexylamine (1:2 mole ratio) in chloro- 
form was added at 273 K. After 4 h stirring, the solvent was removed and product was washed with distilled water. Single 
crystals were obtained from a solution of the title compound in CH3CN/CHCI3 after slow evaporation at room temperature. 

Refinement 

Though the H-atoms were visible in difference fourier maps they were included in geometrically idealized positions with 
C — H distances = 0.95, 0.98, 0.99 and 1.00 A for aryl, methyl, methylene and methine type H-atoms, respectively. The 
methyl H-atoms are disordered over six sites with equal site occupancy factors. The H-atoms bonded to N-atoms were 
allowed to refine. The H-atoms were assigned (7i so = 1.5 times U ec , methyl C atom and 1.2 times U e n of the rest of the 
parent atoms (C/N). 

Figures 



Fig. 1. The molecular structure of the title compound with ellipsoids shown at the 50% prob- 
ability level. The disorder is not shown. 
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Fig. 2. Part of the crystal structure of the title compound with hydrogen bonding shown as 
dotted lines (the C — H hydrogen atoms are omitted for clarity). 



iV-[(Cyclohexylamino)(phenoxy)phosphoryl]-4-methylaniline 



Crystal data 

C 19 H 25 N 2 0 2 P 
M,- = 344.38 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 15.5575 (4) A 
b = 7.7006 (3) A 
c = 16.1717(4) A 
P= 108.9709(17)° 
V= 1832.17 (10) A 3 
Z=4 



^(000) = 736 

D x = 1.248 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 7090 reflections 

6 = 3.0-27.5° 

|i = 0.16 mm 1 
T= 173 K 
Prism, colorless 
0.16x0.14x0.10 mm 



Data collection 



Nonius KappaCCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co and tp scans 

Absorption correction: multi-scan 
(SORTAV; Blessing, 1997) 
J min = 0.974, J max = 0.984 
13695 measured reflections 



4172 independent reflections 

3069 reflections with / > 2a(7) 
ic int = 0.070 

6max = 27.6°, 9 m j n = 3.0° 

h = -20-*20 

/c = -9^9 
/ = -20^21 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.056 

wR(F 2 ) = 0.124 
S= 1.06 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 



w = l/[o 2 (Fo 2 ) + (0.0234.P) 2 - 



2.302.P] 
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4172 reflections 
223 parameters 
0 restraints 



where P = (F 0 2 + 2F c 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.27 e A~ 3 
Ap mi „ = -0.38eA" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > a(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 
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0.0273 (4) 
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0.6810(17) 


0.033* 
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0.63724 (12) 


0.0247 (4) 
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0.7553 (17) 
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0.6707 (16) 
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CI 
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0.0755 (3) 


0.68466 (15) 


0.0261 (5) 


HI 


0.9074 
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0.031* 
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0.94454(16) 


-0.0325 (4) 


0.62658 (16) 


0.0335 (6) 
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0.6419 
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0.040* 
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1.04166 (17) 


0.0216(4) 


0.63741 (18) 


0.0402 (6) 
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1.0666 
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0.6018 
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1.0418 
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C4 


1.10170(18) 


0.0119(4) 
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C7 
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0.0236 (5) 


C8 
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0.49355 (15) 
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H8 


0.7229 


0.1600 


0.4936 


0.033* 


C9 


0.79007 (16) 


0.2939 (3) 


0.42412(15) 


0.0299 (5) 
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Atomic displacement parameters (A 2 ) 
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C9 — C8 — H8 


120.4 


02 — PI — Nl 


98.55 (10) 


C10 — C9 — C8 


122.5 (2) 


Ol— PI— N2 


109.97 (10) 


C10— C9— H9 


118.8 


02— PI— N2 


108.77 (10) 


C8— C9— H9 


118.8 


Nl— PI— N2 


107.23 (10) 


C9— C10— Cll 


117.5 (2) 


CI 4— 02— PI 


121.97(14) 


C9— CIO— CI 3 


121.7 (2) 


CI— Nl— PI 


124.70 (17) 


Cll— CIO— C13 


120.9 (2) 


CI— Nl— H1N 


114.1 (19) 


C12— Cll— CIO 


121.2 (2) 


PI— Nl— H1N 


113.3 (19) 


C12— Cll— Hll 


119.4 


C7— N2— PI 


127.10(16) 


CIO— Cll— Hll 


119.4 


C7— N2— H2N 


115.9 (18) 


Cll— C12— C7 


120.3 (2) 


PI— N2— H2N 


115.5 (17) 


Cll— C12— H12 


119.9 


Nl— CI— C6 


113.73 (19) 


C7— CI 2— H12 


119.9 


Nl— CI— C2 


109.64 (19) 


CIO— C13— H13A 


109.5 
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p / PI f—i 

Co — CI — C2 


1 1 A O /IN 

110.8 (2) 


XT 1 Z" 1 1 TT 1 

N 1 — CI — HI 


107.5 


P / pi TT 1 

Co — CI — HI 


1 A"7 C 

107.5 


PQ p| TJ 1 

CZ — CI — HI 


1 A"7 C 

10/. 5 


PI /"II PI 

C3 — C2 — CI 


ill r\ 

111.0 (2) 


PQ pQ TT') A 

C3 — CZ — HZA 


1 AA /I 

iuy.4 


p 1 pi TJO A 

C 1 — CZ — HZA 


1 aa /i 

ioy.4 


Pi pq uin 

C J — CZ — HZ r> 


1 aa a 

ioy.4 


p i po inn 
C 1 — CZ — HZ r> 


1 aa /i 

ioy.4 


XT - ) * p -> mn 
HZA — CZ — HZB 


1 AO A 
106.0 


p A pQ /- • ~> 

C4 — C3 — C2 


111 i /1\ 

111.3 (2) 


P/l pQ IT") A 

C4 — C 3 — H 3 A 


1 AA A 

ioy.4 


PO pQ IT") A 

CZ — C3 — H3A 


1 AA /I 

ioy.4 


P/l PQ TTQTJ) 

C4 — C3 — H3B 


1 AA A 

ioy.4 


p/l pq TTTTO 

C2 — C3 — H3B 


1 A A A 

ioy.4 


TTQ A PI TTQT") 

H3A — C3 — H3B 


1 AO A 
105.0 


PC /i pi 

CD — C4 — C3 


ill/: 
111.0 (2) 


PC p /I I T 1 A 

CD — C4 — H4A 


1 AA 1 

ioy.3 


P Q p /I I T 1 A 

C3 — C 4 — H4 A 


1 AA 1 

ioy.3 


PC p /] TJ/ID 

CD — C4 — H4B 


1 AA 1 

ioy.3 


PQ p /] I T 1 D 

C3 — C 4 — H4 r> 


1 AA 1 

ioy.3 


TJ /| a p /I I T A D 

H4A — C4 — H4r> 


1 AO A 
106.0 


P/l pc p /; 

C4 — Cj — Co 


111 A 

in.y (2) 


P/l pr i i r * 

C4 — C J — H j A 


1 AA 

ioy.2 


p/: pr Tjf a 

Co — Cj — HjA 


1 AA 1 

ioy.2 


P/i pc T_rcr> 
C4 — Cj — HjB 


1 AA 1 

ioy.2 


p/l / ' C 1 K|) 

Co — Cj — HjB 


1 AA 1 

ioy.2 


I i r * pr TJCD 

HjA — Cj — HjB 


1 A"7 A 

io /.y 


p i / " /: pr 

CI — Co — Cj 


1 10.2 (2) 


P i p/: TT/- * 

C 1 — Co — Ho A 


1 aa /: 

loy.o 


PC p /" TJ/" * 

Cj — Co — HoA 


1 aa /; 

loy.o 


P i p/- Tj/-n 

C 1 — Co — Ho r> 


1 aa /; 

loy.o 


v J — v^o nojj 


1f)Q f. 


H6A — C6 — H6B 


108.1 


C12 — C7 — C8 


119.4 (2) 


CI 2 — C7 — N2 


118.5 (2) 


C8 — C7 — N2 


122.1 (2) 


C7 — C8 — C9 


119.1 (2) 


Ol — r 1 — U2 — C14 


A c A 1 / 1 A\ 

40.41 (iy) 


JN 1 — r 1 — U2 — C14 


1 "71 11 / 1 "7\ 

1 li.il (I I) 


JN 2 — r 1 — U2 — C 1 4 


nz i a { 1 o\ 
-/3.14 (18) 


/~i 1 T>1 mi r^i 
Ul — r 1 — JN 1 — CI 


O/; c 
-80.5 (2) 


U2 — r 1 — JN 1 — CI 


Ki Q/r / 1 o\ 

152.30 (18) 


JN2 — PI — JN 1 — CI 


39.6 (2) 


Ol— PI— N2— C7 


170.92 (18) 


02— PI— N2— C7 


-66.5 (2) 


Nl— PI— N2— C7 


39.1 (2) 


PI— Nl— CI— C6 


86.5 (2) 


PI— Nl— CI— C2 


-148.82 (18) 



Pin pi i 1 1 1 q d 
C 1 U — C 1 3 — H 1 3 r> 


1 AO £ 
lUV.J 


Tjn A p 1 Q TJ1 ID 

H 1 3A — C 1 3 — H 1 3 r> 


luy.j 


pip. p i q unr 
C 1 U — C 1 3 — H 1 3 C 


1 nn ^ 


T_riiA rn ul m 
H 1 3A — C 1 3 — H 1 3C 


1 nn ^ 

luy.j 


III ID p 1 Q TJ1 TP 

H 1 3d — C 1 3 — H 1 3C 


1 nn ^ 

luy.j 


pip, pi i nnn 
C 1 U — C 1 3 — H 1 3 L) 


1 nn ^ 

iuy.j 


Tj i q a rn 1 1 1 in 
H 1 3A — C 1 3 — H 1 3D 


1/11 1 
141.1 


T T 1 11) p 1 Q T I 1 1 T~"\ 

H 1 3 B — C 1 3 — H 1 3L) 


jo. 3 


H 1 3C — C 1 3 — H 1 3L) 


jo. 3 


pip, pi 1 II 1 1 c 

C 1 U — C 1 3 — H 13b 


1 nn ^ 

luy.j 


nil A p 1 Q TJ1 IE 

H 1 3A — C 1 3 — H 1 3b 


jo. 3 


t t i id p i q 1 1 1 q nr 
H 1 3 B — C 1 3 — H 1 3b 


i/ii 1 
141.1 


III 1 / " pi 1 II 1 1 c 

H 1 3C — C 1 3 — H 1 3b 


jo. 3 


ui in p i q n i i c 
H 1 3L) — C 1 3 — H 1 3b 


1 nn ^ 

iuy.j 


pip. p 1 Q ] I 1 1 IT 

C1U — C13 — Hlir 


1 nn ^ 


UH A p 1 Q TJ 1 HT 

H 1 3A — C 1 3 — H 1 3r 


jo. 3 


t t i id p i q 1 1 1 q rr 
H 1 3 r> — C 1 3 — H 1 3r 


jo. 3 


TJ1 IP p 1 Q TJ1HT 

H 1 3C — C 1 3 — H 1 3r 


1/11 1 
141.1 


H 1 3JJ — C 1 3 — H 1 3r 


1 no ^ 


II 1 1 r p 1 Q TJIITT 

H 1 3b — C 1 3 — H 1 3r 


1 nn z 

iuy.j 


PIC p i /i pin 

CI J — C14 — CIV 


1 t> n 
1ZZ.U (Z) 


PIC P 1 /I p.Q 

C 1 J — C 1 4 — <JZ 


llo.o (Z) 


nin p i /i p,q. 

c i y — c 1 4 — uz 


iinn /">\ 
llV.U (Z) 


Pi/i p 1 c fi/; 
C 1 4 — C 1 J — C 1 o 


1 1 O T ZO\ 

llo. / (Z) 


C 14 — C 1 J — H 1 J 


1 on *7 
1ZU. / 


PU PIC Ills 

C 1 0 — C 1 J — H 1 J 


1 Tn *7 
1ZU. / 


P 1 -7 pi! /" pi f 

C 1 / — C 1 o — C 1 J 


1 in a si \ 
1ZU.4 (3) 


pn pu ill/, 
C 1 / — C 1 o — H 1 o 


lino 

i iy.5 


PI f pu ill/, 

C 1 j — C 1 o — H 1 o 


uno 


PU p i -7 nio 

Clo — CI / — Clo 


nno /">\ 

ny.o (Z) 


pu rn i t i "7 
Clo — CI / — HI / 


1 in 1 
1ZU.1 


PI o p i -7 t I 1 "7 

Clo — CI / — HI / 


1 Tn 1 
1ZU.1 


cm riR no 

v, 1 / v 1 o v 1 y 


1 ?fl Q C91 

1 ZAj.y yZ. f 


C17 — C18 — H18 


119.6 


C19 — C18 — H18 


119.6 


C14 — C19 — C18 


118.2 (2) 


C14 — C19 — H19 


120.9 


C18 — C19 — H19 


120.9 


c 1 2 — c / — C8 — cy 


1.3 (3) 


\n r^n r^Q f^Ct 

JN2 — c / — C8 — cy 


i nn n /">\ 
— iff./ yl) 


f^n r^o r^A nn 

c / — C8 — cy — C 1 0 


n ^7 //i\ 
-0.7 (4) 


r^o r^A nn pi i 

C8 — cy — C 1 0 — C 1 1 


n i //i\ 

-0.2 (4) 


r^o r^A nn pi i 

cs — cy — C 1 0 — C 1 j 


1 *7n *7 /">\ 
— 1 ly. 1 {1) 


/— in n/i /in pn 

cy — cio^ — en — ci2 


0.5 (4) 


C13— CIO— Cll— C12 


-180.0 (3) 


CIO— Cll— C12— C7 


0.1 (4) 


C8— C7— CI 2— Cll 


-1.0 (4) 


N2— C7— CI 2— Cll 


178.0 (2) 


PI — 02 — C 1 4 — C 1 5 


95.6 (2) 
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Nl— Cl— C2— C3 
C6— CI— C2— C3 
Cl— C2— C3— C4 
C2— C3— C4— C5 
C3— C4— C5— C6 
Nl— Cl— C6— C5 
C2— Cl— C6— C5 
C4— C5— C6— Cl 
PI— N2— C7— C12 
PI— N2— C7— C8 



176.0 (2) 
-57.7 (3) 

55.5 (3) 
-53.6 (3) 
54.0 (3) 
-178.7 (2) 
57.2 (3) 
-55.6 (3) 
-151.43 (19) 

27.6 (3) 



PI— 02— C14— C19 
C19— C14— C15— C16 
02— C14— C15— C16 
C14— C15— C16— C17 
C15— C16— C17— C18 
C16— C17— C18— C19 
C15— C14— C19— C18 
02— C14— C19— C18 
C17— C18— C19— C14 



-88.8 (2) 
-0.3 (4) 
175.2 (2) 
0.1 (4) 
-0.3 (4) 
0.7 (4) 
0.7 (4) 
-174.8(2) 
-0.9 (4) 



Hydrogen-bond geometry (A, °) 
D—H-A 
Nl— H1N-01' 
N2— H2N-01" 



D — H 
0.81 (3) 
0.84 (3) 



H-A 
2.16(3) 
2.20 (3) 



D-A 
2.961 (3) 
3.023 (3) 



D—H-A 
169 (3) 
167 (2) 



Symmetry codes: (i) -x+3/2, >>-l/2, -z+3/2; (ii) -x+3/2, y+l/2, -z+3/2. 
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